INTRODUCTION
von Willebrand factor (vWF), a multimeric adhesive glycoprotein, binds platelets to the subendothelium at high shear rates [1] . vWF also serves as a carrier protein for coagulation factor VIII in plasma and stabilizes its activity [2] . Abnormalities of vWF result in von Willebrand disease, the most frequent inherited disorder of haemostasis in man with over 20 subtypes identified [3] .
vWF undergoes complex post-transcriptional processing and assembly within endothelial cells. The mRNA is translated into a large approx. 309000 Da precursor protein followed by glycosylation, dimerization, sulphation, multimerization and cleavage of a prosequence [4] [5] [6] . vWF is stored in Weibel-Palade bodies within endothelial cells and in platelet a-granules and released in response to a wide variety of secretagogues in vitro including thrombin [7, 8] , phorbol esters [9] , calcium ionophore A23187 [10] , fibrin [11] and in vivo analogues of vasopressin [12] .
The only known cells to synthesize vWF are endothelial cells and megakaryocytes [13, 14] . Furthermore, endothelial cells show differential expression of vWF based on the location of the cell in the vascular system, and mRNA studies suggested that this heterogeneity in the expression of vWF was at the level of transcription [15] . The plasma levels of vWF are increased in pregnancy and diabetes, and decreased in hypothyroidism and lymphoproliferative disorders [16] [17] [18] [19] . The levels of vWF have been found to be modulated in vitro by 4-,8-phorbol 12-myristate 13-acetate, 17-,8-oestradiol and dexamethasone [9, 16, 20] . Nevertheless, because the vWF molecule undergoes very complex processing and assembly, it has been difficult to demonstrate at what level the cell is regulating the expression of the protein.
transcription was restored by a construct that contained 1286 bp upstream of the cap site. The additional 46 bp upstream of the negative regulatory domain were within the 5' end of an inverse human Alu-family DNA repeat. RNAase-protection assays confirmed the correct transcriptional initiation. The sequence between -89 and -420 contained at least one negative regulatory element able to repress the CAT gene expression controlled by the heterologous thymidine kinase promoter in all cell types. A construct that included the sequence from -89 to -1286 bp increased the transcriptional activity directed by the thymidine kinase promoter only in CPAE cells. These results indicate that negative and positive elements in the 5'-flanking region interact to regulate vWF gene expression.
The tissue-specific and hormonal-mediated pattern of vWF gene expression is presumably controlled by the interaction between regulating factors and specific DNA elements within or adjacent to the gene. Characterization of the transcriptional regulatory region of the gene would help identify the DNA sequences involved in the control of vWF expression. The human vWF gene sequence, 2138 bp upstream of the transcription initiation site, has been reported [21] [22] [23] [24] . This region contains an atypical TATA box, a CCAAT box downstream of the TATA box, a poly dG-dT sequence were purified from a 4.5 % (w/v) acrylamide-7 M urea gel.
Total cellular RNA was isolated using a guanidinium isothiocyanate procedure described by Chomczynski and Succhi [36] . RNA (50 ug) was treated with 5 units of DNAase I in the presence of 20 units RNAasin for 20 min followed by phenolchloroform extraction. RNAase mapping was done essentially as described in Sambrook et al. [27] . The RNA was dissolved in 30,1 of 80% (v/v) formamide/40 mM Pipes, pH 6.4/1 mM EDTA/0.4 M NaCl and labelled antisense transcript (7.5 x 105 c.p.m.) in a volume of 1 ul was added. The RNA was heated for 10 min at 85°C and hybridized overnight at 45 'C. Unprotected RNA was digested for 30 min at 37 'C in 300,1 of 10 mM Tris/HCl (pH 7.4)/5 mM EDTA/0.3 M NaCl containing 50 jug/ml RNAase A and 1500 units/ml RNAase TI. After digestion the solution was phenol-and phenol-chloroformextracted and ethanol-precipitated. The protected RNA was dissolved in 8,u of95 % (v/v) formamide/ IO mM EDTA/0.05 % Bromophenol Blue/0.05 % xylene cyanol and applied to a 6 % (w/v) acrylamide-7 M urea sequencing gel. The sequence of single-stranded M13mpl8 DNA using the -40 primer provided in the Sequenase kit was used as molecular-mass markers.
RESULTS vWF antigen analysis
The CPAE cells used in this study synthesize and secrete vWF ( Figure 1 ). vWF secreted from the CPAE cells and HUVEC (Figure 1) showed the same multimeric pattern, including the presence of high-molecular mass forms found in plasma vWF. The intensities for human and bovine vWF antigen shown by the multimeric analysis ( Figure 1) [25] . CPAE, HeLa, COS 7 and Hep G2 cells were transfected with these pvWCAT constructs (Figure 2) . CPAE, COS 7 and Hep G2 cells were also co-transfected with the /,-galactosidase expression vector pCH110 to control for transfection efficiency. The analysis of ,J-galactosidase activity is impaired in extracts of HeLa cells, making it difficult to calculate transfection efficiency. Figure 2 demonstrates that 700 jIg of protein from cell extracts of HeLa cells transfected with pSVECAT, in which the SV 40 early promoter is inserted upstream of the CAT gene, showed approx. the same amount of CAT activity as the volume of extracts from other cells containing 400 ,J-galactosidase units. Therefore, CAT activity for HeLa cell extracts was based on the activity present in 700 ,tg of protein.
The CAT activities with the different plasmids are shown in Figure 2 along with representative CAT assays. Separate cultures of cells were also transfected with the promoterless plasmid pSB I to monitor the background level of CAT expression. In addition, plasmid pSVECAT was used in order to compare the expression level of an ubiquitous strong promoter and enhancer [38] . Results clearly show that the construct -89/ + 19 is expressed in these of the 5'-flanking region were made as described in the Materials and methods section, and the fragments were inserted into a different vector, pGCAT-A, taking advantage of the multiple cloning site upstream of the CAT gene in this plasmid [26] . These pGvWCAT constructions were used to transfect CPAE, HeLa and Hep G2 cells. The CAT activity measured in CPAE cells is indicated in Figure 3 . Results from the transfections with the pvWCAT vectors ( Figure 2) Analysis of CAT activity in CPAE cells transfected with the pGvWCAT constructions revealed several upstream positive regulatory domains separated by areas that repressed activity (Figure 3) . CAT [28] . Representative CAT determinations with the pvWtkCAT vectors are given in Figure  5 and associated CAT activities relative to pBLCAT2 expression are listed in Figure 6 . Transcriptional activity decreased in all cell types with constructs containing sequences further upstream of these proximal elements. CPAE cells appeared to maintain a basal level of CAT activity cumulating in a potential specific activating domain from 592 to 810 bp upstream of the cap site. Plasmids containing 1041 to 1240 bp of flanking sequence suppressed CAT activity in CPAE cells. Therefore, two areas in the 5'-flanking region of the vWF gene repressed the transcriptional activity directed by the proximal element. Negative regulation would be important to inactivate the vWF gene in non-expressing cells because the proximal element was functional in all cell types analysed. Constructs containing sequences immediately upstream of -1240 bp restored transcriptional activity in a cell-specific manner only in CPAE cells and at a level greater than or equal to that observed with the proximal element.
To confirm that transcription started at the expected site we analysed cellular RNA after transfection of CPAE cells with selected constructs by RNAase mapping. Transcripts of the predicted size were clearly detectable in cells transfected with constructs that showed CAT activity, demonstrating that the inserted sequences were indeed activating transcription from the vWF initiation site.
The element(s) within the region -89 to -420 bp in the flanking region that negatively modulated the activity of the vWF gene promoter also repressed the activity of the heterologous tk transcriptional unit in all cell types. This negative regulation was more apparent when the fragment was in the sense orientation. Although the transcriptional activity of the vWF promoter (-89/ + 19) was suppressed by a construct containing 1240 bp of flanking sequence, the insert -89 to -1240 had no effect on the activity of the tk gene promoter. Negative regulatory elements may have differential effects depending on the transcriptional strength of the promoter element [401.
The construct containing 1286 bp of flanking region enhanced the activity of the tk promoter only in CPAE cells. The same length of flanking sequence also increased in a cell-specific manner the CAT activity directed by the vWF promoter. Constructs containing these 1286 bp of flanking sequence are only 46 bp longer than the downstream constructs that suppressed CAT activity of the vWF promoter. These 46 bp are in the 5' end of an inverse human Alu element. The expression of the -1286/ + 19 construct only in CPAE cells correlates with the cell-specific expression of vWF that suggests the presence of cisacting regulatory elements within the bovine vWF gene, which may be analogous to the human sequence. The positive effect not only depended on the 46 bp fragment but appeared to involve sequences downstream because the insert -1199 to -1363, which includes the fragment, did not increase the CAT activity directed by the tk gene promoter. Interestingly, when the -1199 to -1363 insert was in the reverse orientation an approx. 50 % decrease in transcriptional activity occurred in all cell types. This effect could be due to the presence of a consensus T-antigenbinding site (-1222 to -1210 bp in the vWF gene flanking sequence) in Alu repeats orientated 5' -* 3' that has been shown to repress CAT activity driven by the SV 40 promoter/c-myc enhancer in HeLa cells [41] .
The analysis of the 5' region of the vWF gene suggests a complex interaction of trans-acting factors, with upstream sequences involved in both positive and negative regulation of vWF gene transcription. A recent abstract suggested that positive [42] . It remains to be determined whether the positive regions upstream that we have described here act synergistically with the putative elements 3' of the transcription initiation site.
